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To investigate the prognostic importance of abnormal ex-
ercise left ventricular function on radionuclide angiography 
in the absence of significant angiographic coronary artery 
disease, 79 consecutive patients with these findings were 
followed up for a mean of 25 months (range 12 to 55). All 
patients had 1) an ejection fraction at rest 20.40, 2) an 
ejection fraction that decreased with exercise or peak 
exercise ejection fraction <0.60, and 3) no significant 
coronary artery disease. 
The mean change in ejection fraction was a decrease of 
0.07. In 63 patients (80%), the ejection fraction decreased 
during exercise; in 45 patients, it/decreased by 20.05. 
In patients with significant coronary artery disease, the 
extent of disease and global left ventricular function at rest. 
ar~ powerful predictors of prognosis (1-9). Analysis of the 
left ventricular ejection fraction during exercise, as mea-
sured by radionuclide angiography, may supply additional 
prognostic information (10-13). 
A significant proportion of patients who present with 
chest pain and are referred for coronary angiography have 
no significant coronary artery disease (14). Although many 
of these patients have noncardiac causes of chest pain, a 
subset manifest cardiac ischemia when evaluated by mea-
surement of lactate metabolism during atrial pacing, by 
assessment of vasodilator reserve during dipyridamole infu-
sion or by analysis of left ventricular function during exer-
cise (15-17). These patients have been described as having 
syndrome X (18). Although long-term survival of patients 
with normal coronary arteries is generally excellent (19-21), 
the prognosis for this particular subset is less certain. This 
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Twenty patients (25 %) had a peak exercise ejection fraction 
<0.50. All patients were alive at follow-up study. One 
patient had a nonfatal myocardial infarction, and three 
patients were hospitalized for recurrent chest pain. No 
patient underwent coronary angioplasty or bypass surgery. 
The calculated infarction-free survival rate at 4 years by life 
table analysis was 97 % . 
Patients with an abnormal exercise radionuclide angio-
gram in the absence of significant angiographic coronary 
artery disease have an excellent short-term prognosis. 
(J Am Call Cardiol1988;12:637-41) 
study was designed to determine if patients who have an 
abnormal exercise radionuclide angiogram that is suggestive 
of ischemia, but no significant angiographic coronary artery 
disease, are at risk for future cardiac events. 
Methods 
Study patients. The study group consisted of consecutive 
patients who underwent exercise radionuclide angiography 
between December 1980 and November 1983. They fulfilled 
the following criteria: 1) left ventricular ejection fraction at 
rest of 20.40; 2) no evidence of significant valvular disease; 
3) no significant coronary artery disease, as defined in the 
Coronary Artery Surgery Study (250% diameter stenosis of 
the left main coronary artery or 270% diameter stenosis of 
the three major coronary arteries is considered significant) 
(22); and 4) abnormal exercise radionuclide angiogram, 
defined as a decrease in left ventricular ejection fraction 
from rest to peak exercise or a peak exercise left ventricular 
ejection fraction <0.60 (23-29). The exercise ECG and 
regional wall motion were analyzed for each patient but were 
not included as criteria for an abnormal response to exercise. 
The study group consisted of 79 patients. Twenty-four 
patients were men and 55 were women. The average age was 
56 years (range 30 to 77). The indications for obtaining the 
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Table 1. Major Reason for Study of 79 Patients 
Angina 
Alone 
Reason 
Hx positive Err 
Atypical angina or noncardiac chest pain 
Alone 
Hx positive Err 
LBBB 
Fatique/dyspnea 
Alone 
Hx positive Err 
LBBB 
Asymptomatic 
Hx positive Err 
LBBB 
Ventricular ectopic beats 
No. of Patients 
28 
27 
40 
31 
6 
3 
5 
2 
I 
2 
6 
2 
2 
2 
Hx positive Err = prior history of positive exercise treadmill test; LBBB 
= left bundle branch block. 
exercise radio nuclide angiogram are listed in Table 1. Al-
though physicians referring patients for exercise testing were 
encouraged to discontinue cardiac medications, at the time 
of the test 29 patients were taking a beta-adrenergic blocking 
agent, 10 a calcium channel blocking agent and 23 a long-
acting nitrate. Twenty-two patients were receiving no med-
ical therapy. 
Exercise protocol. The exercise protocol consisted of 
supine bicycle ergometry (Quinton Instruments) beginning at 
a work load of 300 kg-m/min and increasing by 300 kg-mlmin 
increments every 3 min. This protocol was occasionally 
modified at the discretion of the monitoring physician. 
Exercise was continued until there was 1) severe fatigue, 2) 
moderate angina, 3) marked electrocardiographic (ECG) 
changes (2:2 mm horizontal or downsloping ST segment 
depression), or 4) significant arrhythmias. Three ECG leads 
were monitored continuously, and a 12 lead ECG was 
recorded every minute. The ECG was considered positive if 
2: 1 mm horizontal or downsloping ST segment depression 80 
ms after the J point developed during or after exercise. The 
blood pressure was measured indirectly by cuff sphygmo-
manometry during the final minute of each exercise stage. 
Radionuclide angiography. Each patient's red blood cells 
were labeled using 30 mCi of technetium-99m by either the in 
vivo procedure (30) or the modified in vivo method of 
Callahan et a1. (31). Radionuclide acquisitions were obtained 
at rest in mUltiple projections and during the final 2 min of 
each exercise stage in the "best septal" (modified left 
anterior oblique) projection. Acquisitions were gated to the 
patient's ECG and collected at 16 frames/cardiac cycle. 
Radionuclide data were processed using a commercially 
available computer and software (Medical Data Systems) 
and previously described methods (32). Ejection fraction 
was calculated from background-corrected left ventricular 
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Table 2. Results of Exercise Radionuc1ide Ventriculography 
Mean ~EF for entire group 
No. of patients with ~EF < 0 
No. of patients with ~EF :0; -0.05 
Mean peak exercise EF for entire group 
No. of patients with exercise EF<0.60 
No. of patients with exercise EF <0.50 
No. of patients with exercise RWMA 
No. of patients with positive exercise ECG 
-0.07 
63 (80%) 
45 (57%) 
0.56 
51 (65%) 
20 (25%) 
31 (39%) 
17 (22%) 
ECG = electrocardiogram; EF = ejection fraction; ~EF = exercise 
ejection fraction minus rest ejection fraction; RWMA = regional wall motion 
abnormality. 
counts versus time curve using a variable region of interest. 
The change in left ventricular ejection fraction was defined 
as the difference between the value measured during the final 
exercise stage and the value measured at rest. Regional wall 
motion at rest and during exercise was subjectively assessed 
as the consensus of two experienced observers (33). An 
exercise wall motion abnormality was considered present if 
wall motion in any segment worsened between rest and 
exercise. 
Coronary angiography. Coronary angiography was per-
formed within 6 months of the exercise study. Selective 
coronary angiography was performed in multiple projec-
tions. The degree of diameter narrowing was evaluated in 
each of 23 major coronary segments (22). 
Follow-up procedures. All patients or their physicians 
were contacted by mailed questionnaire or telephone within 
a 3 month interval. The questionnaire specifically addressed 
the occurrence of sudden and nonsudden cardiac death, 
noncardiac death, myocardial infarction, congestive heart 
failure, coronary artery bypass surgery, percutaneous trans-
luminal coronary angioplasty and hospitalization for chest 
pain. Significant cardiac events were defined as cardiac 
death, myocardial infarction, development of heart failure 
and performance of bypass surgery or angioplasty. Records 
of subsequent hospitalizations were obtained and reviewed 
to document the occurrence of cardiac events. Follow-up 
was 100% complete at a mean duration of 25 months (range 
12 to 55 months). Event-free survival was estimated using 
the Kaplan-Meier method. 
Results 
Exercise test results (Table 2). The mean peak exercise 
work load performed was 550 kg-m/min. The mean maximal 
heart rate and systolic blood pressure achieved were 129 
beats/min and 174 mm Hg, respectively. Seventeen (22%) of 
the 79 patients developed positive ECG changes. 
Radionuclide angiography. The mean change in ejection 
fraction with exercise for the entire group of 79 patients was 
-0.07, that is, a decrease of 0.07 (range +0.11 to -0.37). In 
63 patients (80%), the ejection fraction decreased with 
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Table 3. Coronary Anatomy, Symptoms and Exercise Variables in 79 Patients 
Regional Wall 
Symptoms Exercise ECG Abnormalities 
Number of Typical Atypical 
Coronary Anatomy* Patients Angina Chest Pain Fatique/Dyspnea None Positive Negativet Present Absent 
Normal 36 9 21 3 7 29 14 22 
<25% stenosis 9 2 6 0 0 9 5 4 
;e:25% but <50% stenosis 21 9 9 2 7 14 7 14 
;e:50% but <75% stenosis 13 8 4 0 3 10 8 
*Maximal stenosis for each patient in any coronary segment; tincludes electrocardiograms that were considered nondiagnostic because of left bundle branch 
block or digoxin therapy, or both. 
exercise; in 45 of these patients (57%), the ejection fraction 
decreased by ::::0.05. Fifty-one patients (65%) had a peak 
exercise ejection fraction of <0.60; in 20 of these (25%) it 
was <0.50. Thirty-one patients (39%) developed a new 
regional wall motion abnormality during exercise. 
Coronary arteriography. Thirty-six patients had a com-
pletely normal coronary arteriogram. Among the remaining 
43 patients, the maximal stenosis in any coronary segment 
was <25% in 9 patients, ::::25% but <50% in 21 and ::::50% 
but <70% in 13. Correlation of coronary arteriographic 
findings with clinical symptoms, treadmill results and exer-
cise radio nuclide wall motion abnormalities is detailed in 
Table 3. 
Follow-up data. All patients were alive. One patient had a 
myocardial infarction 28 months after the exercise study, 
which had been remarkable for a decrease in left ventricular 
ejection fraction from 0.75 at rest to 0.57 at peak exercise 
and the development of an exercise wall motion abnormal-
ity. The coronary arteriogram had demonstrated a 40% 
stenosis in the left circumflex coronary artery and serial 40, 
60, and 50% stenoses in the right coronary artery. No patient 
underwent coronary artery bypass graft surgery or angio-
plasty or developed congestive heart failure. Three patients 
were hospitalized for recurrent chest pain but did not have a 
myocardial infarction. The calculated infarct-free survival at 
4 years by life table analysis was 97%. 
Discussion 
The major finding of this study is that patients with an 
abnormal exercise radionuclide angiogram in the absence of 
significant coronary artery disease «70% stenosis) have an 
excellent short-term prognosis. At a mean follow-up of 25 
months all patients were alive. The incidence of nonfatal 
cardiac events was also strikingly low. Previous studies have 
shown that patients with normal coronary arteries have an 
excellent prognosis (19-21). Our study reinforces the find-
ings of these other studies and demonstrates that, in the 
absence of significant coronary artery disease, patient prog-
nosis is excellent despite marked degrees of exercise-
induced left ventricular dysfunction. 
Definition of abnormal exercise test. We defined an abnor-
mal exercise radionuclide angiogram by two criteria, either a 
decrease in left ventricular ejection fraction between rest 
and peak exercise or a peak exercise ejection fraction <0.60. 
The normal radionuclide ventriculographic response to ex-
ercise has conventionally been considered an absolute in-
crease of ::::0.05 in left ventricular ejection fraction (15,23-
25). Our requirement for a decrease in ejection fraction is 
even more strict than the conventional criterion and would 
only include patients with a more abnormal response. This 
more strict criterion was met by 63 patients; that is, 80% of 
the study group had an absolute decrease in ejection fraction 
with exercise. Their excellent prognosis is even more strik-
ing in view of this more strict entry requirement. 
A normal radionuclide ventriculographic response to ex-
ercise has also been defined in terms of the absolute value of 
the exercise left ventricular ejection fraction obtained 
(25,26), with different laboratories reporting minimal values 
of 0.55 (27), 0.56 (28) and 0.60 (29). Sixteen patients in this 
study whose ejection fraction increased with exercise failed 
to attain an exercise left ventricular ejection fraction >0.60. 
In 12 of these 16 patients the ejection fraction failed to 
increase ::::0.05 and would be considered abnormal by the 
conventional criterion. Additionally, three of these patients 
had positive ECG changes and seven had exercise wall 
motion abnormalities, features further suggestive of an ab-
normal response. 
Prognosis in patients with coronary artery disease. The 
favorable prognosis for this group of patients without signif-
icant coronary artery disease contrasts dramatically with 
that of patients with significant coronary artery disease and 
abnormal exercise radionuclide angiograms. Bonow et al. 
(10) found that the probability of survival at 4 years was 88 
± 5% in patients with both a positive ST segment response 
and a decrease in ejection fraction with exercise. Pryor et al. 
(11) followed up for a median duration of 2 years 386 patients 
who underwent exercise radionuclide angiography. Twenty-
six of 27 cardiovascular deaths occurred in patients with an 
exercise ejection fraction <0.45, 7 of whom had an ejection 
fraction at rest ::::0.50. Iskandrian et al. (12) found the 
exercise ejection fraction to be the best predictor of total 
640 PROGNOSIS AND EXERCISE TESTING 
MILLER ET AL. 
Table 4. Conditions Associated With Failure of Left Ventricular 
Ejection Fraction to Increase With Exercise in 79 Patients 
Condition 
Rest LVEF 20.75 
Age 260 years 
Female gender 
Hypertension 
LBBB 
Beta-adrenergic 
blockade 
No. of Patients in 
Current Study 
13 
26 
55 
17 
9 
29 
LBBB = left bundle branch block, either fixed (seven patients) or rate 
dependent (two patients); Rest LVEF = left ventricular ejection fraction at 
rest. 
major cardiac events in patients with coronary artery dis-
ease. Univariate survival analysis predicted that only 75% of 
patients with an exercise ejection fraction <50% would be 
free of major events at 24 months of follow-up. In patients 
with a normal ejection fraction at rest, Bor~r et al. (13) 
reported a 7% mortality rate at 20.10 37 months offollow-up 
in medically treated patients with a decrease in ejection 
fraction from rest to exercise of ;:::0.10. 
Factors associated with abnormal exercise response. A 
number of variables influence the response of the left ven-
tricle to exercise (34,35). An abnormal response has been 
reported to occur in a wide variety of clinical settings other 
than coronary artery disease, including aortic stenosis, aor-
tic regurgitation, mitral regurgitation, hypertrophic obstruc-
tive cardiomyopathy, cystic fibrosis and chronic iron over-
load (23,24). None of our study patients had evidence of 
these disorders. The ejection fraction may also fail to in-
crease in patients with any of the following characteristics: a 
high ejection fraction at rest (34), advanced age (36), female 
gender (25,26,37), chronic hypertension (38), fixed (39) or 
rate-dependent (40) left bundle branch block and beta-
adrenergic blockade (41). As listed in Table 4, in this study 
13 patients had a left ventricular ejection fraction at rest 
;:::0.75, 55 were female and 29 were being treated with a 
beta-adrenergic blocking agent. Some of these factors may 
have contributed to their abnormal exercise response, but 
the short-term prognosis for any of these subgroups was 
excellent. 
Although we employed well accepted criteria (22) to 
define significant angiographic coronary artery disease, an-
atomically less severe disease may be physiologically impor-
tant and impair blood flow (42). This would appear to be true 
of the one patient with a cardiac event. Five of 13 patients 
with ;:::50% but <70% coronary artery diameter narrowing 
and 7 of 21 patients with ;:::25% but <50% diameter narrow-
ing had exercise wall motion abnormalities (Table 3). In 
some of these patients these stenoses may have accounted 
for the abnormal ejection fraction response during exercise. 
Other patients in this study appeared to demonstrate 
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"ischemic" exercise criteria in the absence of any coronary 
stenoses. Of the 36 patients with a completely normal 
coronary arteriogram, 14 had an exercise regional wall 
motion abnormality and 7 had positive ECG changes. Al-
though we did not use more sophisticated means to further 
document ischemia (15,16,43), 86% of the total study group 
had a chest pain syndrome (syndrome X) and some of the 
abnormal responses likely were secondary to "microvas-
cular" ischemia. Alternatively, the relatively high preva-
lence of positive exercise ECG changes and regional wall 
motion abnormalities may reflect the effects of post-test 
referral bias (44). 
Conclusions. The patients included in this study repre-
sent a heterogeneous population with no or insignificant 
coronary stenosis whose ejection fraction responses during 
exercise probably were abnormal for a wide variety of 
reasons. Nonetheless, they have a uniformly excellent short-
term prognosis, which markedly differs from that of patients 
with coronary disease and abnormal exercise responses. 
This population will need to be followed up for a longer 
period of time to determine if their prognosis remains 
favorable. 
We thank Tammy Hudson for assistance with obtaining follow-up data on 
these patients and Sharlene Hegland for secretarial preparation of the manu-
script. 
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